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Historically the demands of industry have stimulated technological developments in laboratory
machinery design. During the last two decades laboratory machine manufacturers have produced
equipment capable of simulating all production process machine parameters. Development of new
process technology lies largely in the hands of chemists and physicists, and it is inconceivable that
engineers will be unable to meet their future demands. Along with the expansion of integration
dyeing, recent work in mathematical modelling and dye process control has suggested a require-
ment for liquor flow control. Equipment to satisfy this need is already avaitable, some of which can

determine optimum processing conditions.

INTRODUCTION
According to a recent paper ‘it is ... an accepted fact that
laboratory trials of the performance of dyestuffs are
never matched on a large scale’ [1]. The author of that
paper goes on to state that ‘dyeings in the laboratory bear
no direct relationship to large-scale experience — and this
is just accepted’. Whilst perhaps 60 years ago there was a
modicum of truth in the statement, it is certainly not so
today. Ifit were true, successful laboratory-to-bulk, right-
first-time and blind dyeing would not have yet arrived!
It is well documented that high levels of reproducibil-
ity between laboratory and bulk dyeing are achievable,
as are successive bulk dyeings to the same shade [2].
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Principal factors for success in both cases are many, but

can be covered under the following headings:

(a) Well trained personnel

(b) Recognition and compliance with limits of accuracy

(c) Common application methods

{d)Machine performance with appropriate control char-
acteristics.

All are interdependent, and whilst much has been
written on the first three, only limited information has
been provided about the contribution of laboratory dye-
ing machine design in achieving accurate colour match-
ing to bulk.



The development of laboratory dyeing equipment has
taken place mainly since 1940; such equipment was in-
itially introduced to mechanise the chore of manual
agitation. Hot plates and Bunsen burners were estab-
lished facilities, but mechanical agitation and circulation
were not. It is doubtful whether any thought of contribu-
tions to process optimisation were in the engineers’ minds
when the first Marney and Horsfall machines were intro-
duced.

A second and significant step was taken in designing
the closed pot ‘end-over-end’ rotation system making it
possible for the first time to control accurately and main-
tain constant liquor ratio conditions {3]. With this latter
development came the introduction of a requirement to
dye polyester at temperatures above the boil and a de-
mand for accurate temperature control. At that time and
until relatively recently the only laboratory dyeing ma-
chine control parameters considered necessary were: an
appropriate means of liquor/material interaction, liquor
ratio control and proportionate temperature control.

Liquor/material interaction was simply that necessary
to produce a level dyeing, in combination with other
established parameters. From the very beginning dye-
tube shape was recognised as an important design fea-
ture, contributing to maintaining the condition of the
material and shade uniformity. Over the years and in an
attempt to make this type of laboratory machine more
compact there have been changes inrotational geometry,
with varying degrees of success. In ensuring good liquor/
material interaction there are, however, basic geomet-
rical limits beyond which it is not possible to go. There is
no doubt that complete end-over-end rotation with a
facility to vary speed is the most reliable system, particu-
larly in reproducing the ever-shortening liquor ratios
during modern production dyeing.

Other parameters such as dwell time, and control of
chemical addition and pH were accepted as the respon-
sibility and function of laboratory personnel. In package
and other circulating-liquor dyeing systems it has always
been understood that directional flow control was neces-
sary. Both in production and in the laboratory values
were attached to flow rate, package density and rates of
temperature rise, with a view to obtaining level dyeing
and maintaining acceptable material conditions within a
targeted minimum dye cycle sequence [4].

There is increasing recognition of the importance and
value of pilot or mid-scale machines, i.e. sample winches,
jets, beams, and hank and single-package machines [5].

For many laboratories a precision padder is essential
for cold pad-batch application of reactive dyes, and it is
true that the modern padder is vastly different from the
original spring-loaded, hand-driven mangle.

DEVELOPMENTS

Historically it has been the demands of the processing
industry that have stimulated technological develop-
mentsinmachinery design, i.e. the ever-increasing aware-
ness of our future needs, in such areas as improved

efficiency, safeguarding the environment and saving
raw materials and energy.

Building on experience gained over two decades in
laboratory machine development, manufacturers have
made significant advances, particularly during the last
four or five years, by producing equipment capable of
simulating production machine control parameters. This
is in part a reflection on enlightened managements’
recognition of the importance of a technically well
equipped and well managed laboratory. Inaddition there
has been a willingness, at last, to invest in what Harvey
and Park [2] so admirably described as ‘the nerve centre
of a modern automated dyehouse’.

Laboratory machine designs have frequently followed
insupport of a productionrequirementrather than taking
the lead. In some instances miniaturisation of production
machine design is feasible [6], but for routine recipe
formulation (and subject to good management practice)
this is only an occasional requirement. Established chem-
ical and physical control parameters in combination with
a laboratory rotating-pot machine generally suffice.

PROCESS OPTIMISATION

Product addition

Today the emphasis is on process optimisation, but in
optimisation of resources the end result must be accept-
able, not just as a shade match but also in terms of
substrate condition and, where appropriate, handle. In
achieving optimisation no longer are liquor ratio, time
and temperature the only controlling parameters. The
varied developments in reactive dyeing, for example,
calling for control of alkali and salt addition, involves a
requirement to dose. In this area both laboratory and
pilot-scale specialist equipment that provide facilities for
dosing or multi-product injection (MP1) have been avail-
able for a number of years.

The conventional end-over-end dye-tube rotational
system is still the simplest, most efficient and widely used
method of liquor/material interaction. A breakthrough
came with the ability to make dye or chemical additions
into sealed dye-tubes using a simple but accurate pump-
action injector. The injector needle penetrates a dia-
phragm in the lid of the dye-tube and the addition is
made directly into an internal receiver, which gradually
dispenses the dose over a period of time. If required, the
dosing period can be varied by selection of an appropri-
ate receiver.

More recently ITMA 91 revealed the latest technology
available from various laboratory machine manufactur-
ers to meet the requirement for automated dosing. Sev-
eral companies provide facilities associated with package/
beam/loose-fibre liquor circulating systems, but a com-
pletely new concept was introduced for the rotational
dye-tube system. By using robotics, the Auto-Add, a fully
automatic and programmable chemical dispensing sys-
tem was demonstrated [7]. Not only can time, tempera-
ture, rotational direction and speed be programmed, but
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it is also possible to make liquid additions into selected
tubes at any pre-selected time or temperature during the
process cycle.

Process modelling

Recent work in mathematical modelling and dyeing pro-
cess control at Leeds and Heriot-Watt Universities with
package dyeing systems has suggested a requirement for
liquorcirculation/flow control and a further expansion of
integration dyeing [8). In this work reference has been
made to ‘machine design’, but this is thought to refer to
control parameters and operational function rather than
specific machine geometry.

The laboratory machine manufacturer has provided
equipment to meet and monitor these needs within the
confines of requirements known to be necessary. One
such unit the Colortec [7] effectively comprises a minia-
turised package dyeing machine (yarn, fabricon beamor
loose fibre) with controllable variable liquor flow. Facili-
tiesavailable in addition to the obvious time/temperature
profile (99 programs each with 99 steps) include pro-
grammable flow rates, and the machine has connections
for external liquor circulation. This latter provision per-
mits a linking to the Teintolab analyser, a computer-
based analyser and control system (Figure 1) [9].

Effectively the Teintolab is a management tool incor-
porating;:

(a) On-line optically monitored dye compatibility and
exhaustion values

(b) Dosing/dispensing system for both solids and liquids

(¢} Microcomputer and control system (any IBM compat-
ible PC).

Through its own circulation system, dye exhaustion is
continuously monitored by analysing transmission value
changes at four different wavelengths. In combination
with an appropriate laboratory dyeing machine, param-
eters that can be varied (and therefore the effects an-
alysed) include: base or raw material, time and
temperature, liquor ratio, liquor flow rates, dye and chem-
ical concentrations, pH, and added or dosed liquids and
solids.

Such an analysis provides necessary information to
optimise the dyeing process. This information can be
down-loaded for use in production. Furthermore the
same instrument can be coupled to any dyeing machine,
laboratory, pilot or production, with an external connec-
tion facility.

As previously stated [5], there is increasing use of pilot
and mid-scale machines to confirm laboratory analysis,
and to predict and evaluate the influence and behaviour
of such vital elements as liquor/material interaction and
flow.

CONCLUSION

Production process optimisation requires laboratory fa-
cilities for evaluation, experimentation and as a source of
information. Such facilities and partnership exists in
machine design and between laboratory and production.
All aspects of process control can be reproduced in the
laboratory, in sample dyeing and vice versa. Is there any
doubt that today’s engineers can meet the future de-
mands of new process technology?
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Figure 1 Colortec and Teintolab analyser
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